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(54) [Title of the invention] Lenticular lens, surface light source and liquid crystal display 
device 



(57) [Summary] 

[Objective] To obtain bright light emitting 
surface without increasing electric power 
usage and amount of heat generation. 
[Constitution] It is lenticular lens 10 
wherein prism shape unit lens sections 12 
comprising triangular prism are formed in 
large quantity so that major axes are mutually 
parallel, on one side of the surface of light 
transmitting substrate 1 1, and flat surface 13 
is formed on the other side of the light trans- 
mitting substrate 11, and summit angle a of 
the unit lens sections 12 is set at 95° or more 
and 100° or less. 
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[Claims] 

[Claim 1] In lenticular lens wherein prism 
shape unit lens sections comprising triangular 
prisms are formed in large quantity on one 
side of the surface of light transmitting 
substrate so that their major axes directions 
are mutually parallel, and flat surface is 
formed on the other surface of said light 
transmitting substrate; 
lenticular lens which is characterized by 
setting summit angle of said unit lens section 
to be 95 degrees or more and 1 10 degrees or 
less. 

[Claim 2] In lenticular lens which is com- 
posed with a light transmitting substrate 
wherein both surfaces are formed to be flat 
surfaces, and 

a lens layer which is laminated on one side of 
said light transmitting material and comprises 
light transmitting material wherein prism 
shape unit lens sections comprising triangular 
prisms are formed so that their major axes 
directions are mutually parallel in large 
quantity; 

lenticular lens which is characterized by 
setting summit angle of said unit lens section 
to be 95 degrees or more and 1 10 degrees or 
less. 

[Claim 3] Lenticular lens which; is described 
in Claim 1 or Claim 2 and characterized that 
both or one of said light transmitting substrate 
or said lens layer has isotropic light diffusion 
property or an isotropic light diffusion layer is 
formed on one side of said light transmitting 
substrate or said lens layer. 
[Claim 4] Surface light source which is 
characterized that it contains, 
a light guide plate comprising light transmit- 
ting flat plate, 

a linear light source which is located adjacent 
to both sides or one side of side end surfaces 
of said light guide plate, 
an isotropic light diffusion layer which is 
laminated to the surface of said light guide 
plate, and 

a lenticular lens which is described in said 



Claim 1 or said Claim 2, and 

its surface is the diffused light emitting 

surface. 

[Claim 5] Liquid crystal display device 
which is characterized by containing a trans- 
mission type liquid crystal display element 
and a surface light source being described in 
said Claim 4 which is located behind said 
liquid crystal display element 
[Detailed explanation of the invention] 
[0001] 

[Application field in industry] This inven- 
tion concerns triangle prism type lenticular 
lens, surface light source using that lenticular 
lens, and liquid crystal display device using 
that surface light source. 
[0002] 

[Prior technology] 

[0003] As liquid crystal display devices, 
those which use direct underneath type or 
edge light type diffusion surface light source 
have been known (such as Patent Publication 
Hei 2-284102, Patent Publication Shou 63- 
318003, and Patent Publication Hei 3-92601). 
With these surface light sources, lenticular 
lenses are used wherein many triangle prism 
type unit lenses are located in parallel are 
used, in order to uniformly and isotropically 
diffuse emitting light within desired range of 
angle. As previous lenticular lenses, those 
which have summit angle of unit lens a = 60° 
and 90° have been used. When this lenticular 
lens is used in a combination with a matt 
finish transparent diffusion plate (matt finish 
transparent sheet), it has been at least able to 
effectively distribute light energy of light 
within desired angle range, and obtain highly 
uniform and isotropic diffused light within 
that angle range, compared to those which 
simply use matt finish transparent diffusion 
plate. 

[Problems to be solved by this invention] 

However, above described previous technol- 
ogy is not able to prevent a phenomenon that 
a part of light deviates from said angle range 
(generation of side robe in angular distribu- 
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tion of transmitting light intensity). These 
loss of light is not used in liquid crystal 
display, thus it is an obstacle for realizing 
clear images while taking an advantage of 
liquid crystal display which is low power 
usage for liquid crystal display, especially 
color system. If output of light source is 
increased in order to solve this problem, 
temperature increase occurs due to the heat, 
which is not desirable for liquid crystal. 
Further, the leaking light in sideway becomes 
noise (stray light) to the third party, which is 
not desirable. 

[0004] The objective of this invention is to 
solve above described problem and provide 
lenticular lens, surface light source and liquid 
crystal display device which are able to 
provide bright light emitting surface without 
increasing power usage or heat generation, in 
liquid crystal display. 
[0005] 

[Means to solve the problems] The first 
means to solve in this invention is character- 
ized by setting summit angle of said unit lens 
section to be 95 degrees or more and 1 10 
degrees or less; in lenticular lens wherein 
prism shape unit lens sections comprising 
triangular prisms are formed in large quantity 
on one side of the surface of light transmitting 
substrate so that their major axes directions 
are mutually parallel, and flat surface is 
formed on the other surface of said light 
transmitting substrate. 
[0006] The second means to solve is char- 
acterized by setting summit angle of said unit 
lens section to be 95 degrees or more and 1 10 
degrees or less; in lenticular lens which is 
composed with a light transmitting substrate 
wherein both surfaces are formed to be flat 
surfaces, and a lens layer which is laminated 
on one side of said light transmitting material 
and comprises light transmitting material 
wherein prism shape unit lens sections 
comprising triangular prisms are formed so 
that their major axes directions are mutually 
parallel in large quantity. 



[0007] The third means to solve is charac- 
terized that both or one of said light transmit- 
ting substrate or said lens layer has isotropic 
light diffusion property or an isotropic light 
diffusion layer is formed on one side of said 
light transmitting substrate or said lens layer; 
in lenticular lens which is described in Claim 
1 or Claim 2. 

[0008] The fourth means to solve is charac- 
terized that it contains, a light guide plate 
comprising light transmitting flat plate, a 
linear light source which is located adjacent to 
both sides or one side of side end surfaces of 
said light guide plate, an isotropic light 
diffusion which is laminated to the surface of 
said light guide plate, and a lenticular lens 
which is described in said Claim 1 or said 
Claim 2, and its surface is the diffused light 
emitting surface. 

[0009] The fifth means to solve is charac- 
terized by containing a transmission type 
liquid crystal display element and a surface 
light source being described in said Claim 4 
which is located behind said liquid crystal 
display element. 
[0010] 

[Function] By setting summit angle of unit 
lens at 95° to 1 10°, angular distribution of 
intensity of emitted diffused light from the 
diffused light emitting surface becomes 
almost uniform and isotropic distribution only 
within desired angle range and side robe does 
not occur with the lenticular lens of this 
invention, thus it may be favorably used for 
such as edge light type surface light source. 
[0011] 

[Embodiment examples] In the following, 
this invention is described in detail with 
embodiment examples referring to such as 
illustrations. 

(Embodiment example of unitized type 
lenticular lens) Figure 1 is oblique view 
drawing showing the first embodiment 
example of lenticular lens of this invention. 
The lenticular lens 10 in the first embodiment 
example is produced by forming many prism 
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shape unit lens sections 12 comprising 
triangular prism on one side of light transmit- 
ting substrate 1 1 so that major axis (ridge) 
direction is mutually parallel, and making the 
other surface of light transmitting substrate 1 1 
as flat surface 13. This unit lens section 12 is 
set to be 95°<a<l 10°, when summit angle of 
its main cross section area is defined as a. 
[0012] The light transmitting substrate 1 1 is 
flat or warped surface shape sheet or plate 
shape member comprising light transmitting 
material such as mono- or co- polymer of 
acrylic acid ester or methacrylic acid ester 
such as poly-methyl-methacrylate and poly- 
methyl-acrylate, polyester such as polyethyle- 
neterephthalate and polybutyleneterephtha- 
late, transparent resin such as polycarbonate 
and polystyrene, such as transparent glass, 
and such as transparent ceramics. It is desired 
to use those which are around 20 to 1000 |im 
in thickness and in flat plate shape, for this 
light transmitting substrate 1 1 . Further, the 
pitch of the unit lens section 12 is desired to 
be approximately 10 to 500 Jim, although it 
depends on usage. As the method to form 
prism shape, methods such as heat press 
method which is known to public (described 
in public notice of Patent Publication Shou 
56-157310), and a method to apply embossing 
on ultraviolet ray curing thermoplastic resin 
film with a roll embossing pattern then cure 
the film by irradiating ultraviolet ray (de- 
scribed in public notice of Patent Publication 
Shou 61-156273) are used, for example. 
[0013] Light transmittance which is required 
for the light transmitting substrate 1 1 is 
needed to be selected that it at least transmits 
diffused light at the level which is not trou- 
blesome for various applications, and it may 
be colored transparent or matt finish transpar- 
ent as well as no color transparent. Where, 
matt finish transparent means a property 
which diffusion transmits the transmitting 
light in nearly uniform and isotropic in all 
4 directions within semi solid angle, and is used 
as synonym with isotropic light diffusive. 



Which means that matt finish transparent 
means that when the angle from normal 
direction of surface of transparent* substrate 
1 1 is defined as 0, angular distribution I°(0) of 
transmitting light is in cosine distribution 
(I°(0) = I°n P cos0, -90° < 0< 90°, 0 is an angle 
between normal N, I° np is transmission light 
intensity in normal direction), or in similar 
distribution with it, when a parallel light beam 
is entered from backside (incident angle i = 
0). Where, definition of V(6) is described 
later. 

* Translator's note: This "transparent" 
should be an apparent mistake of "light 
transmitting". 

[0014] (Embodiment example of laminated 
type lenticular lens) Figure 2 is oblique view 
drawing showing the second embodiment 
example of lenticular lens of this invention. 
Although the lenticular lens 10 of the first 
embodiment example is formed with the light 
transmitting substrate 1 1 alone, the lenticular 
lens 10' of the second embodiment example is 
in a structure that a lens layer 15 comprising 
light transmitting material having prism shape 
unit lens sections 12 comprising triangular 
prism is laminated on a flat light transmitting 
substrate 14. The unit lens sections 12 is set 
to be 95°<a<l 10° with this embodiment 
example too, when summit angle of its main 
cross section area is defined as a. 
[0015] (Transmission measurement) The 
inventors conducted various transmission 
measurements on the lenticular lens 10, and 
the results are shown Figure 1 1 through 
Figure 17. Its measurement conditions are 
shown here and referred in following discus- 
sions. 

Transmission measurement (1): Figure 1 1 
Lenticular lens of summit angle a = 90° (lens 
section is the light emitting source) 
Incident angle i = 0° 

Transmission measurement (2): Figure 12 
Matt finish transparent sheet (isotropic light 
diffusion layer) 
Incident angle i = 0° 
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Transmission measurement (3): Figure 13 
Lenticular lens of summit angle a = 90° + 
matt finish transparent sheet 
Incident angle i = 0° 

Transmission measurement (4): Figure 14 
Lenticular lens of summit angle a = 100° + 
matt finish transparent sheet 
Incident angle i = 0° 

Transmission measurement (5): Figure 15 
Lenticular lens of summit angle a = 110° + 
matt finish transparent sheet 
Incident angle i = 0° 

Transmission measurement (6): Figure 16 
Lenticular lens of Fayer structure of Claim 1 
and summit angle a = 90° (isosceles triangle), 
prism pitch =100 \xm + matt finish transpar- 
ent sheet (solid line) 

Lenticular lens of layer structure of Claim 2 
and summit angle a = 90° (isosceles triangle), 
prism pitch = 50 jxm + matt finish transparent 
sheet (dashed line) 

Lenticular lens of summit angle a = 100° + 
matt finish transparent sheet (single dotted 
line) 

Matt finish transparent sheet (double dotted 
line) 

Incident angle i = 63° 
Transmission measurement (6): Figure 16 
Lenticular lens of layer structure of Claim 1 
and summit angle a = 90° (isosceles triangle), 
prism pitch = 100 nm + matt finish transpar- 
ent sheet (solid line) 

Lenticular lens of layer structure of Claim 2 
and summit angle a = 90° (isosceles triangle), 
prism pitch = 50 ^m + matt finish transparent 
sheet (dashed line) 

Lenticular lens of summit angle a = 100° + 
matt finish transparent sheet (single dotted 
line) 

Matt finish transparent sheet (double dotted 
line) 

Incident angle i = 30° 
[0016] (Explanation of summit angle a) 
In order to obtain transmission light intensity 
1(0) of which shape is symmetrical in left to 
right against normal N of bottom surface or 



substrate surface, the triangular prism type 
unit lens section 12 is made to be isosceles 
triangle (to be left and right symmetrical 
against normal N) (refer to Figure 3), or in 
order to shift the transmission light intensity 
1(0) to either left or right to be greater, it is 
made to be non-isosceles triangle (refer to 
Figure 4). However, the summit angle a is 
set at 95°<a<l 10° in any cases, and especially 
around a = 100° is desirable. 
[0017] The reason why minimum limit of the 
summit angle is 95° is as follows. If a > 95°, 
the influence of side robe which occurs 
peripheral sections away from the main axis is 
not able to be ignored in the distribution of 
transmission light intensity I 1 (0) of the 
lamination of triangular prism type lenticular 
lens and matt finish and transparent light 
transmitting substrate (or the lenticular lens 
itself which is made to be a matt finish 
transparent substrate). In concrete, it is 
because the ratio of light intensity of side rove 
against main robe R was found to be R < 15 
% (Figure 13 through Figure 17). Which is 
that, there is a need to secure bright, uniform 
and isotropic diffused light only within an 
angular range of 30 to 100° in left to right 
(especially 30 to 60° in left to right) with the 
direction of normal as the center, as one of 
required optical properties for back light 
source in a the case of the use for observing 
such as character images by using such as 
liquid crystal display devices. This is because 
such as television displays, clocks, illumi- 
nated advertisements and various monitors are 
normally and mostly observed within said 
angle range, and there is normally no cases 
that they are observed outside of this angle 
range. However within this angle range, 
display must be visible in equal brightness 
and sharpness from any arbitrary angle. This 
is easily understood by assuming that multiple 
people are observing a screen in front of the 
television screen while aligning side by side. 
The light proceeding to outside of this angle 
range becomes waste light, and also provides 
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unnecessary noise light in unrelated direction, 
thus, it should be rather restricted. In order to 
do this, the distribution of transmission light 
intensity P(0) is required to contain the 
majority of the amount of transmission light 
within 30° to 100° including the normal 
direction. 

[0018] For the evaluation of this, following 
two parameters are effective. 

(1) Diffusion angle 

Diffusion angle should be evaluated by the 
angle 0i O o/ o which is within a range that 
transmission light jntensity I'(0) is 10 % or 
more of intensity of transmission light inten- 
sity Imd m the direction of peak of the main 
robe (the direction wherein transmission light 
intensity of main robe is strongest, which is 
not necessarily in the normal direction) as 
shown in Figure 5. 

(2) Side rove vs. main rove ratio 

Even if the diffusion angle 0 1O % is within the 
optimum range (30° < 0 1O o /o <100°), it eventu- 
ally is not able to prevent above described 
loss of light, leakage of noise light to the third 
party, if light intensity with the side robes is 
large. The side rove vs. main rove ratio R is 
for evaluating the influence of this side robes 
and it is given by following equation. 

R = (IsA P )xl00[%] -(1) 
Where, I sp is intensity of side robe in peak 
direction, and I mp is intensity of main robe in 
peak direction. 

As described, from the standpoint of effective 
use of light and prevention of influence of 
light noise to the third party (direction of 
sideway of liquid crystal display element), it 
was found that these influence of side robe 
may be practically neglected if R < 20 %. 
[0019] Further, it was discovered by experi- 
mentation results by inventors that the value 
of R depends on the summit angle a of 
triangular prism type unit lens section 12, and 
it is within a range of R > 20 % in a rage of a 
< 95°, but it rapidly reduces beyond around a 
= 95°. For example, when light beam enters 
from backside in perpendicular incidence 



(incident angle i = 0°) into a triangular prism 
type lenticular lens 10 being laminated with 
isotropic light diffusion layer (matt finish 
transparent sheet) 20 as shown in Figure 7 
(A), it is understood that it rapidly reduces to 
R = 13 % at a = 100° as shown in Figure 14, 
while R = 26 % (> 20 %) when summit angle 
of unit lens section 12 is a = 90° as shown in 
Figure 13. Further as shown in Figure 15, it 
reaches R = 6 % when a = 1 10°. 
[0020] The reason why the upper limit of the 
summit angle a is 1 10° is as follows. If it 
reaches a > 1 10°, diffusion angle 0 1O % ex- 
ceeds above described angle range in this 
situation, therefore, it must be a < 1 10°. For 
example, it is understood that it gradually 
increases as 0i O % = 82° when a = 90° (refer to 
Figure 13), 0 1O% = 90° when a = 100° (refer to 
Figure 14), and further, 0 1O o /o = 98° when a = 
110° (refer to Figure 15), and it reaches upper 
limit of the necessary diffusion angle. Fur- 
thermore, a situation at extreme condition of 
the increase of a = 180°, namely perfect flat 
surface is considered, it is no more than the 
situation that it is matt finish transparent sheet 
20 alone, it is understood that the diffusion 
angle reaches as much as di 0% = 140°. 
[0021] (Definition of transmitting light T(0)) 
Angular dependency of intensity of light 
which passes through a light diffusion trans- 
mitting material depends on direction of 
transmitting light beam and direction of 
incident light beam. One which shows the 
value for evaluation the angular dependency 
of transmitting light is T(0). Which is that the 
transmitting light intensity V(6) is defined as 
the intensity of light which proceeds toward 
angle 0 direction against the direction of 
normal of light emitting surface, among light 
which diffusively transmits and emits toward 
various directions when a light beam of 
incident angle i is entered, as shown in 
Figure 6. 

[0022] (Isotropic Light diffusion layer) As 
the isotropic light diffusion layer 20, those 
wherein inorganic fine particles of such as 
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calcium carbonate, silica, alumina and barium 
carbonate, or resin beads particles of such as 
acrylic resin is dispersed as light diffusion 
agent (matt finish agent) in said light trans- 
mitting material, are used, and those having 
particles diameter of approximately 1 to 20 
\im are used. For the isotropic light diffusion 
layer 20, it is able to use those which formed 
in a mono-layer by making into a sheet by 
such as extrusion forming or calender forming 
a resin material which is said light transmit- 
ting material with said light diffusion agent 
being kneaded in. Further, it may be two 
layer composition material wherein paint 
being dispersed with said light diffusing 
material with said light transmitting material 
as binder is used as painted and formed on 
said light transmitting material sheet (or 
plate). Furthermore, it may be those wherein 
fine pattern (such as sand finish) of mean 
average roughness 1 to 20 ^m is formed on 
the surface of said sheet (or plate) of light 
transmitting material with such as sand 
blasting or emboss pattern forming. 
[0023] Figure 7 through Figure 10 are 
illustrations showing layer constructions of 
lenticular lens and isotropic light diffusion 
layer. When using lenticular lens 10 and 
isotropic light diffusion layer 20 in lamina- 
tion, there are a case that lenticular lens 10 is 
on observation side and isotropic light diffu- 
sion layer 20 is on light source side (Figure 7 
and Figure 10), and its opposite case (Figure 8 
and Figure 10). In those cases, the unit lens 
section 1 2 of lenticular lens 1 0 may be on 
observation side [Figure 7 (A) through Figure 
10 (A)] or the unit lens section 12 may be on 
light source side [Figure 7 (B) through Figure 
10 (B)]. Further, isotropic light diffusion 
layer 20 may be those which are in sheet (or 
plate) shape (Figure 7 and Figure 8), or may 
be those which are in membrane shape being 
directly coated on the lenticular lens 10 as the 
isotropic light diffusion layer 20' (Figure 9 
and Figure 10). 

[0024] (Embodiment example of direct 



underneath type surface light source) Figure 
1 8 is cross sectional drawing showing the first 
embodiment example of surface light source 
(direct underneath type) and Figure 19 is 
diagram explaining transmission light inten- 
sity of the embodiment example of Figure 18. 
The direct underneath type surface light 
source 30 is provided with a linear light 
source 32 such as a fluorescent lamp within a 
case 3 1 , and it is provided with a lenticular 
lens 10 and isotropic light diffusion layer on 
the opening side of the case 3 1 . Transmission 
light intensity 1^(0) of the isotropic light 
diffusion layer 20 is in cosine distribution and 
is as shown in Figure 19(A). On the other 
hand, the lenticular lens 10 has a function to 
refract and split the light entering from the 
linear light source 32 into two directions, and 
its transmission light intensity I 2 ! (0) is as 
shown in Figure 19(B). Accordingly, the 
transmission light intensity I 3 X^) is overlay of 
both which is h\d) = 1^(0) x h\6)*, which is 
in a shape as shown in Figure 19(C). 
* Translator's note: This "1/(6)" shall be a 
mistake of "Ijfd)". 

[0025] (Embodiment example of edge light 
type surface light source) Figure 20 is cross 
sectional drawing showing the second em- 
bodiment example of surface light source 
(edge light type), Figure 21 is illustration for 
explaining property of light guide plate, and 
Figure 22 is diagram explaining transmission 
light intensity of the embodiment example of 
Figure 20. The edge light type surface light 
source 40 is formed with a reflective layer 42 
on the bottom surface of a light guide plate 
41, and a lenticular lens 10 and isotropic light 
diffusion layer 20 are located over the top 
surface of the light guide plate 41 . Further, 
light source 43, reflective film 44 and illumi- 
nation cover 45 are provided, respectively, on 
both sides of side edge surfaces of the light 
guide plate 41. 

[0026] In a case when incident angle i of the 
light guide plate 41 is greater than critical 
angle i c , the light beam transmits only within 
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the light guide plate 41 while totally reflect- 
ing, and there is no transmission light through 
the emitting surface 41a as shown in Figure 
21(A). On the other hand, in a case when the 
incident angle i is smaller than the critical 
angle i c , a part of the light beam reflects 
(transmits within the light guide plate 41) at 
the boundary surface of the emitting surface 
41a of light guide plate 41, and rest transmits 
and is emitted, as shown in Figure 21(B). 
Further with actual light guide plate 41, light 
is emitted from the emitting surface 41a in 
directions of ±0 which are symmetrical in left 
and right against the normal, as shown in 
Figure 2 ID, because it is designed so that 
light beam transmits in both directions inside 
of the light guide plate 41 or forms a standing 
wave by placing a light source 43 ' on the 
other end surface or providing a light reflec- 
tion layer 42', as shown in Figure 21(C). This 
angle is known to have sharp peaks in direc- 
tions of 6 = 60° and 6 = -60°. Therefore, in 
order to bend closer to normal direction where 
observers reside, a lenticular lens 10 is used to 
refract the light beam to correct to bi- 
directional light beam in optimum normal 
direction (for example, when at right angle a 
= 90°, they are 6 = 30° and 8 = -30° as 
shown in Figure 11). Therefore, the light 
coming out from the emitting surface is in 
angular distribution having peaks in symmet- 
rical two directions in left and right against 
normal (Figure 1 1), in either case of surface 
light source of direct underneath type or edge 
light type. However, this is not considered as 
uniform surface light source yet, and because 
normal direction where observers reside is 
dark, it is able to obtain a surface light source 
which has a moderate peak in normal direc- 
tion and emits diffused light within a rage of 
30 to 100° in left to right which is considered 
to be normally necessary to observers, by 
further combining with a isotropic light 
diffusion layer (matt finish transparent layer) 
20. 

[0027] Compared with the direct underneath 



type surface light source 30, the light passing 
from the light guide plate 41 is in two direc- 
tions being symmetrical in right and left to 
normal, for example ±63°, instead of in 
normal direction, with this surface light 
source 40, therefore, the transmitting light 
intensity I'(8) is in transmission light distribu- 
tion wherein axes of symmetry are rotated by 
±63° in normal direction, respectively, for the 
transmitting light in these two directions, for 
both isotropic light diffusion layer 20 and 
lenticular lens 10 [Figures 22(A) and (B)], 
and these are further synthesized (product of 
P(6)) to be the transmission light intensity 
V(6) of the surface light source 40 [Figures 
22(C) and (B)]. Where, Figure 16 and Figure 
17 show only the transmission light intensity 
l\6) in directions of 6 = +63° and -30° in the 
chart. In this case, peaks A and B in Figure 
22(B) is the cause of side robes A' and B\ It 
is able to significantly reduce the side robes 
A' and B' by making the summit angle a of 
the unit lens section 12 to be a > 95°. 
[0028] (Embodiment example of light 
reflection layer) Figure 23 is illustration 
showing embodiment examples of light 
reflection layer being used for edge light type 
surface light source. Light reflection layer 42 
is a layer having a property of diffusive light 
reflection, and it may be constituted as 
follows. 

(1) As Figure 23 (A), white color layer 42 A 
wherein highly opaque and high whiteness 
pigment, such as powder of titanium dioxide 
or aluminum, for example, is dispersed, is 
formed with such as painting on one side of 
light guide plate 41. 

(2) As Figure 23 (B), matt fine pattern 41a is 
formed with such as sand blasting or em- 
bossing on one side of light guide plate 41, 
and further, metal thin film layer 42B is 
formed by such as plating or vapor coating of 
metal such as aluminum, chromium or silver. 

(3) As Figure 23 (C), a metal thin film layer 
42B is formed on a white color layer 42 A' 
(however, opacity may be low) which is 
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similar to Figure 22 (A). 
(4) As Figures 23 (Dl) and (D2), it may be 
formed in dot matrix white color layer 42 A" 
and increased with area ratio as distance from 
light source 43 increases in order to compen- 
sate reduction of amount of light from light 
source 43. 

[0029] The surface light sources 30 and 40 
which are shown in Figure 1 8 and Figure 20 
may be used as liquid crystal display devices 
by locating on backside of transmission type 
liquid crystal display devices which are 
known-to-public. _ 
[0030] 

[Effect of the invention] As above de- 
scribed in detail, it is able to significantly 
reduce intensity of side robe which is the 
cause of light loss and stray light (light noise), 
according to this invention, arid become 
possible to concentrate light in highly uniform 
and isotropic within limited angle range (30° 
to 100° in left to right with normal direction 
as the center). Accordingly, it is able to 
obtain bright display light emission without 
increasing usage power or amount of heat 
generation when used as a surface light 
source. In this case, it is able to maintain 
nearly equal level of light diffusion angle and 
uniformity and isotropy of light intensity 
within the diffusion angle as previous in this. 
[Brief explanation of drawings] 
[Figure 1] An oblique view drawing show- 
ing the first embodiment example of lenticu- 
lar lens of this invention. 
[Figure 2] An oblique view drawing show- 
ing the second embodiment example of 
lenticular lens of this invention. 
[Figure 3] An illustration for explaining 
summit angle of unit lens sections of lenticu- 
lar lens concerning the embodiment exam- 
ples. 

[Figure 4] An illustration for explaining 
summit angle of unit lens sections of lenticu- 
lar lens concerning the embodiment exam- 
ples. 

[Figure 5] An illustration for explaining the 



diffusion angle. 

[Figure 6] An illustration for explaining the 
transmission light intensity F (0). 
[Figure 7] A drawing showing a combina- 
tion of lenticular lens and isotropic light 
diffusion layer. 

[Figure 8] A drawing showing a combina- 
tion of lenticular lens and isotropic light 
diffusion layer. 

[Figure 9] A drawing showing a combina- 
tion of lenticular lens and isotropic light 
diffusion layer. 

[Figure 10] A drawing showing a combina- 
tion of lenticular lens and isotropic light 
diffusion layer. 

[Figure 11] A diagram showing a result of 
transmission measurement (lenticular lens of 
summit angle 90°). 

[Figure 12] A diagram showing transmission 

measurement (isotropic light diffusion layer). 

[Figure 13] A diagram showing a result of 

transmission measurement (a combination of 

lenticular lens of summit angle 90° and 

isotropic light diffusion layer). 

[Figure 14] A diagram showing a result of 

transmission measurement (a combination of 

lenticular lens of summit angle 100° and 

isotropic light diffusion layer). 

[Figure 15] A diagram showing a result of 

transmission measurement (a combination of 

lenticular lens of summit angle 1 10° and 

isotropic light diffusion layer). 

[Figure 16] A diagram showing a result of 

transmission measurement (incident angle 

63°). 

[Figure 17] A diagram showing a result of 
transmission measurement (incident angle 
30°). 

[Figure 18] A cross sectional drawing 
showing the first embodiment example of 
surface light source (direct underneath type). 
[Figure 19] A diagram explaining transmis- 
sion light intensity of the embodiment exam- 
ple of Figure 18. 

[Figure 20] A cross sectional drawing 
showing the second embodiment example of 
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surface light source (edge light type). 
[Figure 21] An illustration for explaining 
property of light guide plate. 
[Figure 22] A diagram explaining transmis- 
sion light intensity of the embodiment exam- 
ple of Figure 20. 

[Figure 23] Illustrations showing embodi- 
ment examples of light reflection layer being 
used for edge light type surface light source. 
[Description of numbers] 



10 lenticular lens 

1 1 light transmitting substrate 

12 unit lens section 

20 isotropic light diffusion layer 



Translated by: Hideyo Sugimura, 65 1 -490-0233, 
hsugimura@pipeline.com, July 13, 2005 
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[Figure 11] 
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[Figure 12] 
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[Figure 13] 



Transmission measurement (3) Major axis = Normal direction Incident angle: i = 0 
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[Figure 14] 



Transmission measurement (4) Major axis = Normal direction Incident angle: i = 0 
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[Figure 15] 



Transmission measurement (5) Major axis - Normal direction Incident angle: i = 0 
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{Figure 16] 



Transmission measurement (6) Major axis = Normal direction Incident angle: i = 63 
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[Figure 17] 

Transmission measurement (7) Major axis = Normal direction Incident angle: i = 30 
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[Figure 18] 



[Figure 19] 
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[Figure 23] 
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